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In contrast with the majority of flowering plants, where pollen is released directly from the anthers to travel to 
the female organ to effect fertilization , the pollen in certain species belonging to f ifteen families worldwide is 
initially deposited on the female part of the flower before transport to another flower occurs. The structure on 
which the pollen is deposited is (in almost all cases) a modification of the style called the pollen presenter. 
In South Africa, pollen presenters are ubiquitous in the Asteraceae, Campanulaceae, Lobeliaceae, 
Goodeniaceae and Proteaceae; they also occur in almost half of the genera in the Rubiaceae, and in 
Pofyga!a and some Muraltia (Polygalaceae) , in Turraea, Trichilia and Ekebergia (Meliaceae) and a small 
proportion of taxa in the Fabaceae. The modifications of the style take various forms and can be summarized 
into act ively and passively operating types. The active forms act like a piston to push the pollen away from 
the anthers, while the passive forms are static, receiving the pollen from the anthers before the anthers fall 
away to leave the pollen ready to be removed from the presenter by animals or the wind. 
In the past, pollen presenters have either not been recognized or have been described as styles or 
stigmas. This leads to confusion about processes involved in pollination and wastes useful information which 
is of value in taxonomic studies. 
In teenstelling met die meeste blomplante waar stuifmeel d irek vanaf die helmknoppe vrygestel word om na 
die vroulike orgaan versprei te word en bevrugting te bewerkstell ig, word die stuifmeel van sommige spesies 
van vyftien families wereldwyd eers op die vroulike deel van die blom gestor! voorda! dit na 'n ander blom 
vervoer word . Die struktuur waarop die stuifmeel gestor! word, is (in byna aile gevalle) 'n wysiging van die 
styl en word 'n stuifmeelaanbiedergenoem. 
In Suid-Afrika kom stuifmeelaanbieders algemeen voor by die Asteraceae, Campanulaceae, Lobeliaceae, 
Goodeniaceae en Proteaceae; hulle word ook aangetref by byna die helfte van die genusse van die 
Rubiaceae, en by Polyga!a en sommige Muraltia spesies (Polygalaceae), by Turraea, Trichilia en Ekebergia 
(Meliaceae) en by 'n klein aantal taksons in die Fabaceae. Die wysigings van die styl neem verskeie vorms 
aan en kan in aktiewe en passiewe tipes ingedeel word. Die aktiewe vorms werk soos 'n suier en stoat die 
stuifmeel weg van die helmknoppe, terwyl die passiewe vorms staties is en die stuifmeel van die helmknoppe 
ontvang voordat die helmknoppe wegval ; die stuifmeel is dan gereed om deur diere of die wind van die 
aanbiederverwyder te word. 
In die verlede is stu ifmeelaanbieders 6f nie herken nie 6f as style of stempels beskryf. Dit lei tot verwarring 
omtrent prosesse betrokke by bestuiwing en verspil nuttige inligting wat in taksonomiese studies van waarde 
is. 
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Introduction 
In South Africa in the last fifteen years there has been 
increasing interest in the pollination biology of the flora and 
its relationship to evolution, conservation, community struc-
ture and function and the breeding systems and population 
biology of various plant groups (Rourke & Wiens 1977; 
Collins & Rebelo 1987; Rebelo 1987). Notwithstanding this 
interes t, very recent reviews (le Maitre & Midgley 1992; 
Johnson 1992) of plant reproductive ecology and plant-
animal interactions in the fynbos make no mention of pollen 
presenters, despite their importance in the pollination 
mechanics of dominant plant groups in the southern African 
vegetation. This survey aims to bring together information 
on pollen presenters in the South African flora, describe the 
forms which occur and how they function, and make a brief 
preliminary examination of how the structures fit into the 
evolutionary make-up of the families in which they occur. 
In the breeding systems of plants there are many varia-
tions and permutations on the bas ic theme of transfer of 
male gametes from one plant to another. The detailed rela-
tionship between pollen issue and pollen reception is often 
omitted in the study of floral biology (Brantjes 1983) but 
needs to be carefully considered. In the usual outbreeding 
situation, pollen is shed or removed directly from the 
anthers of one flower and is transported biotically or 
abiotically to the gynoecium of another flower to effect 
pollination. Lloyd and Webb (1986) and Webb and Lloyd 
(1986) have reviewed the variety of mechanisms whereby 
interference between male and female function in flowers is 
avoided ei ther in time or space. Fertilization subsequently 
occurs by the pollen tube growing down the style and 
entering an ovule in the ovary. Although this is the scenario 
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in most flowering plants, in a few families some taxa have 
an intermediate step in this sequence which has been called 
secondary pollen presentation by some (Faegri & van dcr 
Pijl 1966). In these taxa, pollen is shed from the anthers 
(very precisely) onto another part of the same flower before 
it is transported to the gynoecium of another flower. The 
structure onto which the pollen is shed has been given 
various names which tend to be famil y-specific. The term 
'indusium ' (literally - a woman 's undergarment) has been 
used in the Goodeniaceae (Brown 1810), while Carolin 
(1960), in an examination of sex structures in the Campa-
nulaccae and Goodcniaceac, coined the term 'pseudo-
indusium' for the anther tube and style arrangement in the 
Lobcliaceae. In the Rubiaceae, Bremekamp used the phrase 
'ixoroid pollination mechanism' for secondary pollen 
presentation (Verdcourt 1958) and later 'receptaculum 
pollinis ' and ' pollenbecher' (Bremekamp 1 966). There have 
been other terms in other families. This family-specific 
proliferation of terms becomes confusing, especially in the 
case of 'indusium ' where the dictionary definition is more 
usually given as the covering of a sorus in a pteridophyte. 
The term ' pollen presenter' would seem to be unambigu-
ous and could cover all structures associated with secondary 
pollen presentation. This was used originally by Guthrie and 
Salter (1950) for the structure which receives pollen from 
the anthers in the Proteaceae. It can be defined as a modifi-
cation of part of the flower, other than the anthers, which 
makes pollen available to be passed on to another flower, 
either by animals or wind. 
Methods and extent of survey 
Wherever possible, open flowers and mature buds were 
examined in the fresh state. Particularly in the Fabaceae and 
Polygalaceae it is difficult to tell if pollen presenter-like 
structures actually act as pollen presenters unless the 
structures can be observed in operation. Unfortunately, it 
was not always possible to obtain fresh material, so many 
species were examined as herbarium specimens. The num-
ber of species which were examined in this study and the 
proportion of taxa with pollen presenters in the relevant 
families arc given in Table 1. 
Pollen presenters in the South African flora 
Wordwide there arc fifteen families with taxa which have 
pollen presenters, and or these, nine families occur in south-
ern Africa (Table 1). 
In all cases, except some Fabaceae, the pollen presenter in 
southern African taxa is a modification of the style. Pollen 
presenters can be classified functionally into two main types 
based on the way pollen is loaded onto the presenter, viz. 
active and passive. 
In the active type, some sort of movement of the flower 
organs is responsible for removal of the pollen from the 
anthers and transport to a position from where it can be 
removed by pollinators. In most Lobeliaceae, the Goodeni-
aceae and Asteraceae, a piston action occurs where the 
growing style pushes the pollen presenter past the anthers 
causing the pollen to be collected and extruded for presen-
tation out of the end of the anther tube. Probing by a polli-
nator may further activate the piston by differential move-
ment between the style and anther tube in some Lobeliaceac, 
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squeezing pollen onto the animal when it probes a flower 
for nectar. Pollen is removed from the cup-shaped pollen 
presenter of the Goodeniaceae either by vibration or 
ultimately, in Scaevola, by extension of the stigma out of 
the cup. 
In the passive pollen presenters, pollen is appressed to the 
modified part of the style (or keel petal in some Fabaceae) 
by the anthers before anthesis. The presenter may be dis-
played by collapse or recurving of the petals and/or anthers 
away from the upper part of the style (Proteaceae), by elon-
gation or change in position of the style (Campanulaceae, 
Proteaceae) or by active foraging by a pollinator (Poly-
galaceae, Fabaceae). In many cases the adhesion of pollen to 
the pollen presenter is aided by hairs on the presenter. 
There is also a more complex process in the Fabaceae. In 
Crotalaria agatif/ora Schweinf. there are dimorphic 
stamens. One whorl has elongated anthers which at maturity 
lie at the end of the keel petal above the shorter anther 
whorl. The longer anthers shed their pollen before the 
shorter whorl. The shorter anthers plus the hairy style act as 
a piston to force the pollen out of the small slit formed at 
the apex of the keel petal (acumen) by the fusion of the 
posterior parts of the upper edge of the keel. Differential 
movement between the anthers plus style and the keel owing 
to pollinator probing of the flower expresses the pollen from 
the acumen. 
Self-pollination is avoided by the pollen presenter being 
some distance from the stigma ('microherkogamy') or the 
flowers being dichogamous, usually strongly protandrous, 
although some Asteraceae in the Lactuceae seem to be 
protogynous. Some Polygalaceae and Lobeliaceae may be 
exceptions as they appear to be autogamous. 
The most common form of the pollen presenter is where 
the apical stigma is overgrown by stylar tissue so that it is 
immersed in non-receptive cells at anthesis. There may be 
various sorts of outgrowths associated with the pollen 
presenter, particularly hairs (Fabaccae, Lobeliaceae), ridges 
(Proteaceae) or a cup-shaped structure (Goodeniaceae). In 
the Asteraceae, the presenter consists of the covering of the 
stigmas and may be invested with short hairs· which scrape 
pollen from the anthers, or the pollen-removing part may be 
tissue at the top of the presenter in various forms. In the 
Asteraceae, Campanulaceae, Goodeniaceae, Lobeliaceae and 
some Rubiaccac, the receptive stigmas are exposed by re-
curving of the pollen presenter arms after some time to 
allow pollen removal, while in some other Rubiaceae the 
stigmatic tissue expands out of slits in the presenter. In 
many Proteaceae the stigmatic surface remains within the 
style so that pollen must be near to, or pushed into, a 
pollination chamber before pollination can occur. 
A most unusual animal-mediated pollen presentation has 
been reported in Poellnilzia rubriflora (L.Bolus) Uitewaal 
(Smith et al. 1 992). Flower-inhabiting mites apparently 
transfer pollen from the anthers of the flower to the outside 
of the petal lobes, from where it is picked up by the normal 
pollinating agent (birds) for transfer to other flowers . Al-
though this seems to be a type of pollen presentation it is in 
a different category from the purely plant-mediated presen-
tation described here. 
The proportion of taxa with pollen presenLers varies 
between families (Table 1). The various forms typical of 
each family are described below. 
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Table 1 Families, number of and typical genera which have pollen presenters, and diagrammatic form of the 
presenter in the South African flora a 
Family (fatal Number of genera con-
species examined), Typical genera firmed with pollen pre· 
[Number of genera (Number of species senters (Proportion of Active/ Derived/ Common Most common form(s) of 
in South Africab] examined) family in the flora) Passive Ancestral pollina!ors< the pollen presenter 
Fabaceae (7) [1 34] Lotus (1 ), Lupinus (I ), 16d (0.1) p D a . C rota/ana ( 1) ~ el . 
lmm ~/i/12 
Swamsona (1) D -:::~~~ - -· 
Proteaceae (91) [1 4 ] F aurea (5), Diastella (2), 14 ( I ) p A ~ Leucodendron (4) w 
~ Leucospermwn (1 4) I, B . ... 
Protea (15), Mimetes (1 3) I,B,M ~ 
Spatella (20) -:;::::(jfjfo· 
Polygalaceae (27) [4] Polygala (1 7) 2 (0.5) p D £ 
-
Muraltta (10) ~, . . __..--......,:~ ~ 
~ . Meliaceae (4) [8 ] Turraea (2). Tnchilia (I). 3 (0.4) p D ~ Ekebergta (1 ) ' -
Campanulaccae (26) [13] Roe/ Ia (I), 13 (1) p A 
;:f';l$) Wahlenbergia (3), Ltghtfoolla (3), 
Prismalocarpus (17) 
Siphocodon debit is (I) D .;;:!J~"-t~~-:;:=::::> 
=I Lobeliaceae (41) [6] Lobelia (14 ), Laurentia (3) 6 (1) A A --~-
Monopsis (2) ~ . ,,,, 
.. ~ . . . 
Cyphw (21) p D ~-I .,4-
- '-.._51.>·' 
Goodeniaceae (1) [1] Scaevola (1) I (I) A A ==:::::S\ 
Rubiaceae (60) [62] ?avella (1 ). Gardema (2), 29 (0.4) p D I, B -;;,~;~~ Tar rena (I), Burchelha (1 ) 
Vanguerta (I), Pachystigma (I ) 
-$ 
Asteraccac (31) [229] A ret otis (2), Arc101heca (I) All genera (1 ) A ~ 
S10ebe (1 ), SeneciO (1) -4: ~-
Chrysocoma (1) ~~ 
• Solid shading indicaies the stigma if this is visible at anthesis; stippling shows the location of pollen on the presenter, scale bar: 1 mm. 
b From Gibbs Russell e1 a/. ( 1987). 
< I, Invertebrate; W, Anemophilous; B. Bird; M, Mammal . 
d Mainly from the work by Lavin and Delgado (1990). 
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Fabaceae 
All Fabaceae have passive loading of the pollen presenter 
but transfer of the pollen to a pollinator is activated by the 
pollinator. The more general pollen presenter in the group 
has been described as a 'pollen brush' (Lavin & Delgado 
1990), which is a cluster or series of trichomes on the upper 
part of the style below the stigma. This operates by brushing 
pollen from the dehiscing anthers in the keel petal onto a 
pollinator when it alights on the flower, depressing the keel 
to expose the style. Of the 41 genera found to have pollen 
presente rs in the survey by Lavin and Delgado (1990), ten 
arc native in southern Africa and four are introduced. 
Weberling (1989) described a more complex process in 
Lotus and Lupinus, which are widely introduced (one 
species of Lotus is native). In these taxa, pollen is extruded 
from the acumen of the keel petal through a piston action 
effected by swelling of the anther filaments. The South 
African Crotalaria agatiflora Schwcinf. produces a similar 
result but has a slig htly different mechanism. Crotalaria has 
been reported by Lavin and Delgado (1990) to have a 
'pollen brush', but they did not comment on whether or not 
pollen is forced out of the tip of the keel petal, and implied 
that pollen is brushed from the anthers onto a pollinator as 
in the other taxa they examined. Crotalaria agatiflora 
(Figure 1) has a distribution of hairs similar to those found 
on taxa described in Lavin and Delgado's study, but it 
seems unlikely that the presenter can act as a brush because 
the keel petal is tightly coherent along most of the length of 
its top margin. In C. agatiflora, pollen is made available to a 
pollinator by being extruded through the acumen in the keel 
petal. The upper whorl of anthers dchisces into the end of 
the keel petal while the lower whorl of anthers remains 
intact and, with the style, acts as a piston. This method is 
not restricted to Crotalaria, as it is also found in the 
Australian Gompholobium polymorphum R.Br. Other taxa in 
the Fabaceae have dimorphic anthers, so the pollen extru-
sion method may be quite widespread. 
Proteaceae 
All members of the Proteaceae in southern Africa have 
pollen presenters. This includes the dioecious species which 
retain the pollen presenter in the male flowers, presumably 
as a legacy of their hermaphroditic origin. The range of pre-
senter form is narrower than occurs in Australian taxa, 
which may be due to the lower diversity of higher taxa in 
Africa. Four main types can be recognized (Table 1): simple 
fusiform, conical, narrow elongate, and disciform. 
The simple fusiform type (Figure 2) is the most wide-
spread one throughout the family and is probably the most 
primitive form. It occurs in the two dioccious genera Au/ax 
and Leucadendron, in Faurea, which may be the most 
primitive member of the Proteoideac in Africa (Rourke 
1973), in Brabejum , Diastella. Serruria, Sorocephalus. 
Vexatorella and in some species of Paranomus, Protea and 
Leucospermum. A slightly e longated variant of the fusiform 
type is found in Orothamnus. Mimetes chrysanthus Rourke, 
M. arboreus Rourke and M. argenteus Knight. In general it 
is associated with insect pollination, but some Leucadendron 
and Au/ax species are ancmophilous (e.g. Hattingh & 
Giliomee 1989), whereas Orothamnus and some Mimetes 
(but not M. chrysanthus) may be bird-pollinated. The stigma 
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in the hermaphrodite species is generally inside the pollen 
presenter and only accessible via a slit in the tip of the 
presenter. The pollen must be deposited close to or inside 
the slit for pollination to occur. In most taxa the plant's own 
pollen is deposited all over the presenter. Thus pollinators 
must remove this pollen before pollen from another flower 
can have access to the apical slit. Retention of self-pollen 
may lead to autogamy if the species is self-compatible. In 
Orothamnus, M. arboreus and M. argenteus, self-pollen is 
not deposited on the lip of the pollen presenter. In some 
taxa, e.g. some Sorocephalus species, the stigmatic tissue 
expands and eventually protrudes from the apical slit. 
The conical form is derived from the fusiform type by 
shortening of the long axis of the presenter and expansion of 
the base to form a generally equal-sided cone. The form 
occurs predominantly in Leucospermum (Figure 3), and in a 
few Paranomus and Spatella species (e.g. P. adiantifolius 
Salisb. ex Knight and S. nubicola Rourke). In both genera 
there are taxa with presenters which tend to be close to the 
fusiform type. However, in Leucospermum there arc forms 
associated with bird pollination which are almost globular 
[e.g. L. cordifolium (Salisb. ex Knight) Fourc.) or very 
acutely conical (e.g. L. catherinae Compton). In most cases, 
pollen is deposited all over the pollen presenter, the stigma 
is internal and the slit that provides access to the stigma is 
initially tightly closed but gapes with age to permit entrance 
of pollen (Figure 3). 
The narrow elongate form of pollen presenter is found in 
approximately 70% of South African Protea, most Mimetes 
(77%) and a few Leucospermum species. The pollen pre-
senter is the modified upper part of the style and often ends 
in a capitate Lip containing the internal stigma. The tip is 
most elaborate in Mimetes hottentoticus Phill. and Hutch. 
where it has an almost lantern-like structure topped by the 
slit leading to the stigma. The glossy black tip contrasts 
strongly with the lower yellow part of the presenter and red 
style. 
In most of the narrow elongate presenters, the pollen does 
not cover the slit in the top of the presenter (Figures 4, 5). In 
some of the Mimetes species the slit gapes relatively widely 
at anthesis [e.g. M. cucullatus (L.) R.Br.), while in the 
majority of Protea species the lips are always tightly 
appressed. In most species pollen is deposited all around the 
pollen presenter below the tip, but in those proteas with 
three anthers [e.g. P. repens (L.) L., P. roupelliae Meisn. , 
Figure 5) the pollen is deposited on the adaxial side of the 
presenter only, with the edges of the sterile anther often 
initially forming part of the platform for the pollen. The tip 
of the presenter is free of pollen and is often soft and bulb· 
ous with a slit leading to the stigma on the adaxial side. The 
contrast between the quite robust and stiff lower part of the 
presenter plus the style and the sofltip means that firm pres-
sure on the Lip will readily open the slit to allow access by 
pollen. In a number of other protcas the tip is also bulbous 
with an apical slit. The easiest way to open this type is by 
pressure at either s ide of the ends of the slit. In still others 
(e.g. P. susannae Phil!.), the slit is on the adaxial side and 
the apex is slightly hooked as though it would function to 
scrape pollen from a pollinator as it withdraws from probing 
an inflorescence. 
Spacella is the only genus to have a disciform pollen 
presenter (Figure 7) and it occurs in somewhat more than 
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Figure 1 Crotalaria agatijlora. a. Longitudinally sectioned bud showing dimorphic anthers and style (S) contained in the keel petal 
(K). Scale bar: 1 mm. b. Pollen extruded from the acumen of the keel petal . Scale bar: 0.5 mm. 
Figure 2 Diaste/la baekii. Pollen presenter covered in pollen (above) and with pollen removed (below). Scale bar: 0.5 mm. 
Figure 3 Leucospermum heterophyllum. Pollen presenters with pollen removed, presenter from mature bud (left) with appressed apical 
slit (S) and older presenter with gaping slit (right). Scale bar: 1 mm. 
Figure 4 Protea cynaroides. Pollen on the presenter but not covering the apex. Scale bar: 1 mm. 
Figure 5 Protea roupelliae. Pollen presenter bearing pollen with sterile anther (A) appressed to the abaxial side of the presenter. Tip of 
presenter (f) remains free of pollen. Scale bar: 1 mm. 
Figure 6 Polygala myrtifolia. a. Crook-shaped pollen presenter from young bud before pollen is shed (A, anther; S, stigma). b. Pre-
senter after anthesis showing pollen in the crook and in the apical depression of the presenter. Scale bar: 1 mm. 
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half the species [e.g. S. racemosa (L.) Druce, S. curvifo/ia 
Salis b. ex Knight, S. longifolia Salish. ex Knight] . The fonn 
accommodates the curved nature of the perianth and the 
greater development of the adaxial perianth member over 
the others. The pollen covers all of the presenter and the 
stigma protrudes between two minute lips in the centre of 
the presenter sometime after anthesis. The form is the 
closest in South Africa to the asymmetrical pollen presenter 
which is widespread in Australian Grevilleoideae. 
Polygalaceae 
All of the 17 South African Po/yga/a species which were 
examined and a few Muraltia species have pollen present-
ers. The presenter seems to have been derived from the 
sterilization and modification of one of the two stigmas, 
which are presumably an ancestral feature of the family. In 
the subgenus Psiloclada of Muraltia, most species have a 
horizontal extension of the style, which may have associated 
hairs. Only two [M. oxysepala Schltr. and M. pauciflora 
(fhunb.) DC.] of the five species from Psiloclada which 
were examined, had a functional pollen presenter. In these 
two species, the presenter extends into the horseshoe-shaped 
ring of anthers, receives pollen from these and transfers it 
onto a flower visitor when the gynoecium is released from 
the keel-like lower petal by the pollinator. In Polygala the 
structure is more varied. There have been a number of 
studies of the pollination process in extra-African Polygala 
(Venkatesh 1956; Faegri & van der Pijl 1966; Brantjes & 
van der Pijl 1980; Brantjes 1982). However, the pollen pre-
senters in most of the species studied differ somewhat from 
those in the African members examined here. In Polygala 
myrtifolia L. (Figure 6), P. virgata Thunb. and P. pappeana 
Eckl. and Zeyh., the style is sharply recurved ncar the top to 
form a crook-shape, bringing the single stigma below the 
apex. The pollen presenter is formed by a broadening and 
hollowing of the style above the stigma. At anthesis pollen 
is shed from the anthers into the anterior end of the keel 
petal around the presenter. Downward movement of the keel 
petal caused by pollinator activity moves the style, pollen 
presenter and pollen into contact with the pollinator. Pollen 
seems also to be carried in the crook of the style, and to 
surround the stigma, which is sticky at anthesis. In some 
Polygala species, the first visit by a pollinator to a flower 
will expose the sticky stigma to any cross-pollen that may 
be on a pollinator. However, return of the stigma into the 
keel petal results in self-pollen being deposited on the 
stigma (Brantjes 1982). There is only one chance for cross-
pollination. In the three African species mentioned above it 
is difficult to see how self-pollination can be avoided as the 
(presumably receptive) stigma is enveloped by self-pollen in 
the crook of the style well before the flower is even properly 
open. Circumstantial evidence for selfing comes from the 
high counts of fruit set in the field for P. virgata (26.6 :!: 
SD 7.7 fruits set from a possible total of 29.8 :!: 8.8, n = 5 
inflorescences). Polygala hottentotta Pres!. has a shield-
shaped style extension (Figure 8) but also seems to have ilS 
stigma covered in self-pollen well before anthesis and also 
appears to have a very reliable fruit set, perhaps indicating 
self-pollination. In another Polygala species from the 
Drakensberg, the style is recurved but there is no expansion 
or other modification (Figure 9). In this species the first 
depression of the keel petal reveals pollen deposited in the 
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upper recurved part of the style. Polygala garcini DC. is 
somewhat different from the other species which have been 
examined. The pollen presenter is a flat platfonn anterior 
from the stigma (Figure 13) and the flower is modified to 
encourage pollinator probing from the front of the flower 
rather than to allow movement of the keel petal to expose 
the stigma. In fact, the style is held rigidly by the anther 
tube so it cannot move vertically. In this case, pollen is shed 
onto the platfonn of the pollen presenter. Further observa-
tion of pollinator activity at the flower would be necessary 
to unravel the sequence involved in pollination. 
Meliaceae 
There are three members of this family in South Africa 
which have pollen presenters, viz. Trichilia, Ekebergia and 
Turraea. In the Iauer two species, the presenter is barrel-
shaped with smooth sides and the stigma occurs as a cap on 
the presenter (Figure 11). In Trichilia, the presenter is also 
barrel-shaped but is ribbed and covered with dense sticky 
hairs, and has a less obvious apical stigma. 
In the Meliaceae the stamina! filaments fonn a tube top-
ped by the anthers. At anthesis the pollen presenter is at the 
level of the top of the tube so that pollen is pressed onto the 
presenter. In Turraea obtusifo/ia Hochst. much pollen 
remains on the anthers and elongation of the style is initially 
not great, so the presenter and anthers remain quite close 
together. This provides two pollen-covered surfaces to any 
pollinator which probes the anther tube for nectar. Self-
pollen is unlikely to come into contact with the relatively 
large stigma as it is placed well below the stigmatic surface 
and is soon lost from the smooth sides of the presemer. 
Rubiaceae 
There are 62 genera listed in the family for South Africa 
(Gibbs-Russell et a/. 1987). Of these, 43.7% have pollen 
presenters, 48.4% do not and the position is unclear in 
7.8%. The taxa with pollen presenters are restricted to 
particular tribes in the family, viz. Naucleeae, Cinchoneae, 
Gardenieae, Ixoreae and Vanguerieae (Verdcourt 1958). 
The presenters are of two main types. The first is elongate 
and fusiform and is found in taxa such as Pavetta, Gar-
denia, Tarenna and Kraussia, among others (Figure 10). 
The stigma in these taxa is either revealed by recurving of 
the tip of the pollen presenter or by outgrowth of stigmatic 
tissue from slits in the side of the presenter. The second type 
is more barrel-shaped, shorter and may be grooved down the 
sides. It occurs in Vangueria, Eriosemopsis, Canthium and 
Pachystigma, among others. The stigma is apical and either 
capitate or two- to four-lobed. In the latter types, at least, 
the stigmatic surface is revealed by recurving of the lobes. 
Campanulaceae 
All members of the Campanulaceae have pollen presenters. 
In all except Siphocodon debilis Schltr. the presenters are 
generally elongate, cylindrical extensions of the style 
(Figure 12). However, in Prismatocarpus jrucicosus L 'Her. 
(Figure 14) the pollen presemer is flattened rather than 
cylindrical and at anthesis has a groove down the narrow 
sides of the structure. Pollen is deposited only on the broad 
faces. All taxa seem to have unicellular hairs on the pre-
senter (Figure 12b). These are apparently of a unique type, 
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F igure 7 Spatella racemosa. Disciform presenter bearing pollen. Scale bar: 1 mm. 
Figure 8 Polygala hottentotta. Mature bud. pollen (P) covering the pollen presenter (PP), with the stigma (S) surrounded by pollen. 
Scale bar: I mm. 
Figure 9 Polygala sp. (from Drakensberg Mountains). Specific pollen presenter structure lacking, but pollen is placed between the 
stigma (S) and the style. Scale bar: 1 mm. 
Figure 10 Pavel!a lanceolaJa. Pollen presenter (PP) from young bud showing rows of hairs (H) with anther (A) below. Scale bar: 1 mm. 
Figure 11 Turraea obtusifo/ia. The pollen presenter is a barrel-shaped structure topped by a broad stigma (S) (A, anthers). Scale bar: I mm. 
Figure 12 Lightfootia erecta. a. Presenter from open nower; pollen is present but the hairs have retracted. Scale bar: 1 mm. b. Pol-
len presenter from young bud showing turgid retractile hairs (A, anther). Scale bar: 0.5 mm. 
at least from the one New Zealand species of Wahlenbergia 
which was studied in some detail (Lloyd & Yates 1982). 
The hairs assist the pollen to adhere to the presenter, 
although, contrary to what is said by Lloyd and Yates for 
W. albomarginata Hook., the hairs do not seem to 'sweep' 
the pollen from the anthers. The rounded apices of the hairs 
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tend to belie any scraping action. In species of several 
genera that were observed in the fresh state, the pollen 
seemed to be appressed to the presenter in the bud. Elonga-
tion of the style occurred to move the pollen away from the 
now defunct anthers. The hairs were subsequently with-
drawn into the presenter so that the pollen would be easily 
dislodged by pollinators visiting the flower [see, for exam-
ple, Shetler (1979)]. There is variation in the degree to 
which the style extends after anthesis in different genera and 
species. In Prismatocarpus diffusus (L.f.) A.OC. the pollen 
presenter is well exerted from the petals, whereas in P. fruti-
cosus little extension occurs; in many Roella species there is 
also liule extension. To enter the stigmatic phase the pollen 
presenter recurves to form from two to five stigmatic arms. 
In some cases the whole presenter recurves (e.g. Merciera), 
or only the tip recurves as in Prismatocarpus fruticosus 
(Figure 14). 
The pollen presenter of Siphocodon debilis is different 
from those of a ll other South African taxa. The pollen is 
borne on a broad ring of hairs about half-way up the style. 
The main difference is that the stigma is a capitate tip to Lhe 
style which is exposed at anthcsis and not initially enclosed 
by non-receptive ti ssue, as it is in other genera. The olhcr 
species in the genus, S. spartioides Turcz., has a pollen 
presenter simila r to those of other species in the Campanu-
Iaceae. 
Lobeliaceae 
Most members of this family have an active pollen presenter 
of a fairly uniform type. The most common form occurs in 
Lobelia (Figure 15), Laurentia, Grammatotheca and 
Unigenes. and consists of a ring of hairs in a subapical 
position on the s tyle. Occasionally there may be a few apical 
hairs as well. The hairs are unicellular and may be rounded 
or acute at the tip (Figure 16), and arc sometimes transverse-
ly corrugated. The anthers form a rigid tube around the 
pollen presenter which is pushed by elongation of the style 
from the base to the tips of the anthers, extruding pollen 
from the end of the anther tube. A pollinator foraging at Lhe 
front of the flower underneath the anthers may cause differ-
ential movement between the style and anther tube, en-
hancing the piston-like action. Brantjes (1983) described an 
unusual modification of this pollen release mechanism in the 
Australian l sotoma petraea F. Muell. , and a similar struc-
tural arrangement is found in Lobelia jasionoides (A.DC.) 
Wimmer. In / . petraea, a combination of the e longation of 
the style pushing the pollen presenter a long the anther tube 
and a special pair of broad-based hairs at the apex of the 
tube, which act as a valve, leads to the pollen in the tube 
being under pressure. A suitable pollinator wi ll press on the 
'valve' hairs re leasing a small amount of pollen from the 
tube onto the animal. Lobelia jasionoides also has special 
hairs which project from the apex of Lhc abaxial anthers 
(Figure 18) and seem to act as a valve on Lhe anther tube. 
Unlike the report for l sotoma, the pollen in the tube did not 
seem to be under pressure. However, depression of the hai rs 
plus differential movement of the anthers and pollen pre-
senter, as would occur during a pollinator's probing of the 
flower, will re lease pollen. In Monopsis the non-receptive 
ti ssue covering the stigmas extends further beyond the ring 
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of hairs than is fo und in Lobelia, to form a beak-like 
structure (Figure 17). In a ll the above genera the stigmas 
(usually two) are exposed by recurving of the pollen pre-
senter, often back beyond the ring of hairs (Figure 18). It 
has been reported (Kovanda 1978) that Monopsis has 
stigmas and anthers maturing simultaneously. In this study, 
however, M. lutea (L.) Urb. was definitely protandrous, as 
were all other species except Laurentia arabidea (Presl) A. 
DC., which seemed to be au togamous. 
Cyphia is rather unusual in the family for a number of 
reasons and has been put in its own family in the most 
recent review of the Campanulales (Lammers 1992). The 
pollen presenter is of the passive type where pollen from the 
anthers is shed onto the presenter at anthesis. Little or no 
elongation of the style occurs and the presenter tends to 
remain well hidden within the flower. The presenter at 
anthesis consists of hairs on a swollen clavate structure at 
the top of the style (Figure 19). The immature presenter is 
erect in the flower and similar at this stage to presenters in 
other Lobeliaceae. However, with time the presenter en-
larges around the area which will become the stigma and it 
may expand more on one side than on the other, so it is bent 
to one side. The pollen presenter in Cyphia has been 
described as 'an obsolete ciliate indusium' (Sonder 1894) 
and it docs show some similarity with Goodeniaccae pollen 
presenters, particularly in C. volubilis (Burm.f.) Willd. and 
C. zeyherana Presl ex Eckl. and Zcyh. The stigma grows o ut 
of the centre of the presenter, either apically or to the side. 
Thulin (1978) suggested that Lhe stigma was a hollow within 
the swollen head of Lhe style filled with 'a slimy fluid', but 
this was not seen in the two species for which fresh material 
was available. As the style does not elongate to push the 
pollen out of the flower, it is difficult to see how self-
pollination is avoided if pollinator visits are lacking or if the 
pollina tor is an inefficient pollen remover. 
Sphenoclea, which is sometimes associated with this 
family, does not have a pollen presenter. 
Carolin (1960) described the style-pollen-presenter-
anther- Lube appara tus in the Lobeliaceae as a 'pseudo-
indusium' and extended the term to some Campanulaceae as 
well. The term emphasizes the supposed similarity with the 
indusium (Brown 1818) of the Goodeniaceae. However, in 
the Goodeniaceae the 'indusi urn' is Lhe pollen presenter and 
consists only of a cup-like structure a t the top of the style. It 
does not include the anthers. In the Lobeliaceae, the pollen 
presenter consists of the hairs and a small or larger amount 
o f non-receptive tissue above the hair ring, so Lhe term 
pseudo-indusium is not appropriate, as it introduces extrane-
ous components by including the anthers. 
Goodeniaceae 
This family is mainly Australian in distribution; however, 
two species of Scaevola occur in South Africa. The pollen 
presenter is of the active type and is a cup-shaped structure, 
edged with hairs, a t the top of the sty le. Pollen is packed 
into the cup as the presenter grows past the anthers. At 
maturity the cup turns downward at 90° to the style and 
pollen is removed by insects vibrating the gynoecium or by 
extension of the bilobed stigma pushing the pollen out of the 
cup. 
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Figure 13 Po/ygala garcini. The pollen presenter is a broad structure anterior to the stigma (S). Scale bar: I mm. 
Figure 14 Pri.smaJocarpus frwicosus. Older flower showing the flattened pollen presenter relow the spread stigmatic lobes. Scale bar: 1 mm. 
Figure 15 Lobelia valida. Presenter with pollen (P) on the lower half but showing part of the ring of hairs (H) on the upper section. 
Scale bar: 1 mm. 
Figure 16 Lobelia /inearis. Rounded hairs (R) which form the base of the presenter and pointed hairs (H) which occur at the apex of 
the presenter in this species. Scale bar: 0.1 mm. 
Figure 17 Monopsis luJea. Elongated pollen presenter (PP) with rounded hairs (H) at the base and bilobed stigma (S) . Scale bar: 1 mm. 
Figure 18 Lobelia jasionoides. Bilobed stigma (S) protruding from the anther tube with the elongated hairs (H) at the top of the tube 
visible below the style. Scale bar: 1 mm. 
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Asteraceae 
The pollen-presenting structures in the Asteraceae arc not 
usually referred to as pollen presenters. They are more 
usually called styles, style or stigmatic arms or style 
branches. However, they are pollen presenters of the active 
type and all members of the family possess them. They 
operate in the same way as the pollen presenter in the 
Lobcliaceae. The style elongates, pushing the presenter 
through the anther tube. Depending on the morphology of 
the presenter, pollen is either pushed out of the tube by 
tightly appressed hairs forming a piston face, or is picked up 
by unicellular hairs along the length of the presenter, or, 
owing to the cone-shaped nature of the structure, it is 
appressed to non-hairy presenters. From a taxonomic view-
point Bremer (1987) recognized a number of types of what 
he termed style arms based on the position of the stigmas 
and the form of sterile tissue at the end of the style. How-
ever, in a functional sense of pollen presentation it is not 
necessary to distinguish the configuration of the stigmatic 
surface, so four main types of presenter can be recognized: 
(a) Pollen presenter at style apex, thickened and cone-
shaped (with or without hairs), e.g. Arctotis (Figure 21), 
Heterolepis, Chrysanthemoides. 
(b) Pollen presenter at style apex, cone-shaped but un-
thickened (with or without hairs), e.g. Felicia. 
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(c) Pollen presenter on upper part of style narrowing to 
apex, covered with antrorse hairs, e.g. Corymbium, 
Lactuceae. 
(d) Pollen presenter truncate, composed of the tissue cover-
ing the stigmas capped by a semicircle of blunt hairs at 
the apex of each arm, e.g. Senecio (Figure 20), Athan-
asia, Stoebe. 
In all taxa (except the Lactuceae which are protogynous; 
see, for example, Figure 22), individual hermaphroditic 
flowers are protandrous and the two stigmas are exposed by 
recurving of the pollen presenter arms or the presenter and 
the upper part of the style. 
Discussion 
Pollen presenters occur in only a few families of the 
flowering plants but are widely distributed, indicating 
multiple origins. In an evolutionary sense pollen presenters 
are a derived condition in some families. However, in the 
Campanulales/Asterales most taxa have pollen presenters, so 
the condition itself is inherited from a common ancestor, 
and there have been subsequent modifications to the struc-
ture in some families. In the peas, with two different types 
of pollen presentation, the condition appears to be derived 
because there have had to be modifications to the style, keel 
petal and anthers. Presentation from the acumen of the keel 
Figure 19 Cyphia triphylla. Immature pollen presenter on right, presenter from mature bud in centre and older presenter on the left with 
stigmatic tissue in the centre of the disc. Scale bar: 1 mm. 
Figure 20 Senecio sp. Pollen presenter of rounded hairs at the apex of the style. Scale bar: 0.25 mm. 
Figure 21 Arctotis venusta. Conical pollen presenters of the disc florets, central one with pollen. Scale bar: 1 mm. 
Figure 22 Picris sp. Pollen presenter of short antrorse hairs bearing pollen. Stigmas (S) exposed indicating the protogynous nature of 
the flower. Scale bar: 1 mm. 
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may be more advanced than the pollen presenter on the 
style, because it is more complex, involving modification of 
several parts of the flower, rather than just the style. 
In the Proteaceae it is not clear if the pollen presenLer is 
primitive or advanced. Johnson and Briggs (1975) consider-
ed the Proteaceae ancestor to lack a pollen presenter. How-
ever, at least one taxon, and often all taxa, of four of the 
five subfamilies in the family have pollen presenters. The 
African Proteaceae (except Brabejum) arc included in the 
Proteoideae and all have pollen presenters. Of the non-
African members of the subfamily, only three genera out of 
thirteen have pollen presenters and Lhere is little indication 
of ancestors to the African taxa. Rourke (1973) suggested 
that Faurea is close to the ancestral form based on the 
arborescence of most species, the elongate inflorescence and 
almost actinomorphic flowers. Since even the dioecious taxa 
in the family retain pollen presenters it would seem that the 
ancestral condition in the Proteoideae is to have a presenter. 
In extant taxa, advancements can be recognized in modifica-
tions to the form of the pollen presenLer, with most of the 
more complex forms associated with vertebrate pollination. 
In the Polygalaceae the pollen presenter is apparently of 
intermediate advancement. In the ancestral condition, the 
gynoecium seems to have had Lwo stigmas. Some taxa still 
retain these, but in many cases the abaxial stigma has been 
converted into a pollen presenter. The leas t modified form 
occurs in a few Muraltia species (e.g. M. pauciflora, where 
the sterile lobe is accompanied by a brush of hairs). In 
Polygala there is considerable variation, although the most 
common type is of the form shown in Figure 6. The forms 
observed in this study were rather di fferent from those 
reported for taxa from other parts of the world. There was 
no indication of the pollen basket as reported for Brazilian 
species (Brantjes 1982) or of the apical cup found in the 
European Polygala chamaebuxus L. (Faegri & van der Pijl 
1966). A presumably more advanced form occurs where the 
sterile lobe (and thus the pollen presenter) has disappeared 
completely, as was noted in one species from the Drakens-
berg (Figure 9). This condition is also present in Muraltia 
subgenus Muraltia. 
In the Meliaceae and Rubiaceae the pollen presenter 
seems to be an apomorphic condition. Some Meliaceae have 
developed a stamina! tube from an ancestral condi tion of 
free anthers. Only a few taxa with a stamina! Lu be also have 
a pollen presenter, and in Turraea the stamina! Lube is 
exceptionally well developed. Interpretation of the evolution 
of pollen presentation in the Rubiaceae is more difficult 
depending on how one views the herbaceous and woody 
members of the family. Pollen presenters are restricted to 
the woody taxa, but within the group the condition must be 
apomorphic, as the covering of the stigma wiLh sLerile ti ssue 
must have been preceded by an open stigma. 
The evolutionary relationships of the remaining families 
and the relevance of the pollen presenter to these have been 
considered by a number of authors [e.g. Carolin (1960), 
Shetler (1979), Brantjes (1983) and Bremer (1987)]. 
The morphology of the presenLer and the mode of action 
is least complex in the Campanulaceae where pollen is 
passively appressed to unicellular hairs on the pollen 
presenter. The difference in the presenter of Siphocodon 
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debilis from those in all other taxa in the family is intriguing 
and seems to be an apomorphic condition. The naked stigma 
could have arisen by fusion of the presenter arms and 
restriction of the stigma to the tip of the presenter. The 
position of the presenter hairs half-way down the style, 
whereas they are normally present (in other taxa) up to the 
top of the presenter, supports this interpretation. 
Except for Cyphia, the pollen presenters in the Lobclia-
ceae are very uniform and there is only general resemblance 
to the pollen presenters in the Campanulaceae. The hairs 
which form part of the piston of the presenter generally have 
a rounded apex, but they are much longer than the Campa-
nulaceae hairs. In addition, the hairs are restricted to a very 
narrow band near the end of the style and shrivel rather than 
retract with age. The hairs show much more similarity with 
those on many Asteraceae pollen presenters than to those of 
the Campanulaceae. Bremer (1987) considered that there 
was a close relationship between the Asteraceae and the 
Lobeliaceae when he used the Lobeliaceae as the outgroup 
in a cladistic analysis of the tribes in the Astcraceae. 
The position of Cyphia in the Lobeliaceae is debatable. 
There is a view that it should be in its own family (e.g. 
Kovanda 1978) and that it is a link between the Campanula-
ceae and Lobeliaceae. However, this seems unlikely as the 
first two of the three purported linking characters, 'regular 
flowers, stamens fused into a tube and free anthers', do not, 
in fact, occur in Cyphia. The pollen presentcr could be 
envisaged as an incom:JieLely developed cup-like structure 
related to the better formed cups found in the Goodeniaceae. 
In the Goodeniaceae, the pollen presenter is an outgrowth 
from the top of the style, is often hairy and is turned to the 
side at maturity, all attributes associated more or less with 
the Cyphia pollen presenter. 1n addition, the stigma in 
Cyphia emerges from the centre of the presenter in the same 
way that occurs in most Goodeniaceae taxa. Carolin (1977) 
considered the systematic relationships between the Campa-
nulaceae, Lobeliaceae, Goodeniaceae and Brunoniaceae, and 
focused on the Indian Cyananthus as a Campanulaceae 
taxon which approached a form that could be similar to a 
primiti ve Goodeniaceae. However, the correspondence was 
not particularly good. Lammers (1992), in examining the 
Campanulales, noted that more information was needed be-
fore a reliable placement of Cyphia could be made. 
Bremer (1987) used detai ls of the gynoecium, among 
other characters, in a study of tribal interrelationships in the 
Asteraceae. It was considered that, in comparison with the 
Lobeliaceae, the style type similar to that found in the 
Arctoteae (Figure 21) was plesiomorphic in the family. 
Some taxa lack hairs at the base of Lhe thickened apical 
portion, which would be a more advanced state than is the 
form with a collar of hairs similar to that in the Lobeliaceae. 
Bremer referred to all hairs on the Asteraceae presentcrs as 
sweeping hairs and expressed some doubt as to wheLher 
these hairs were homologous with those in the Lobeliaceae. 
In the Asteraceae it is necessary to distinguish between the 
short pointed hairs such as those which form the presenter 
along the style in the Lactuceae, and the blunL apical hairs 
which form the pollen presenter in taxa such as Senecio and 
Gnaphalium. The Lobeliaceae hairs may be blunt or pointed 
(Figure 16) and are probably homologous with the hairs at 
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the apex of the style (e.g. Senecio) or at the base of the 
pollen presenter, as occurs in some Arctoteae. However, 
they are not homologous with the small pointed hairs such 
as those which form the Lactuceae presenter. 
In an ecological sense there seem to be two main advan-
tages to having a pollen presenter: 
(a) Pollen is made available to a pollinator at exactly or 
almost exactly the position of pollen reception in a 
flower in its female phase (Carolin 1960; Lloyd & 
Yates 1982). This makes pollen transfer much more 
accurate than in cases where pollen and stigmas are in 
separate parts of the flower. 
(b) There need be little investment in anther structural 
tissue. The anthers can be merely sacs to produce the 
pollen and are then quickly removed from the system so 
they do not obstruct access to the female part of the 
flower. Lloyd and Webb (1986) have suggested that 
there is a clash in outcrossers between selection to place 
pollen and stigmas in similar positions for most effec-
tive pollination, and selection to keep gynoccia and 
androecia apart to avoid interference between them. 
Except in most Lobeliaceae and some peas, this loca-
tion of pollen and stigmas close to each other, without 
interference, is achieved expediently by having a pollen 
presenter. 
It seems likely that a selective force favouring pollen pre-
senters would be an increase in pollen transfer efficiency. 
Pollen/ovule ratios in taxa with pollen presenters should be 
lower than those in taxa without presenters, as long as they 
have the same breeding system. Muraltia would seem to be 
a suitable genus to study, having some species with, and 
others without, pollen presenters. Similar studies could also 
be devised for suitable members of the Fabaceae. 
The majority of South African taxa with pollen presenters 
are insect-pollinated (Table 1). This is in part a reflection of 
the South African flora in general. For example, it is esti-
mated that in the Cape flora, 83% of species are entomophil-
ous, 12% are wind- and 4 - 5% are vertebrate-pollinated 
(Johnson 1992) . However, in plants with pollen presenters 
the proportion of wind-pollinated taxa is very much lower, 
being less than 1%. Anemophilous species [e.g. Leucoden-
dron (Hattingh & Giliomee 1989)] retain the presenter from 
an entomophilous ancestor, emphasizing the conservative 
nature of floral morphology. 
In systematic studies it is useful to examine presenters in 
detail. Apart from the fact that it is not correct to refer to the 
pollen presenter as a stigma, as has sometimes been the case 
in the past, the diversity of structure provides additional 
characters for taxonomic analysis and a better understanding 
of the relationships between taxa at a number of levels. 
Lavin and Delgado (1990) have noted the advantage of 
recognizing pollen presenter hairs as distinct from other 
stylar hairs in taxonomic work on the Fabaceae. In the 
Rubiaceae there is still considerable 'fluidity' in the 
arrangement of species in higher taxonomic groups, and taxa 
with pollen presenters occur in a number of tribes (Verd-
court 1958). There are a number of pollen presenter forms in 
the family which could provide information to help clarify 
species affinity at the tribal level. 
Pollen presenters form a particularly intriguing part of the 
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diversity of floral morphological traits which have evolved 
to enhance gene flow in the flowering plants. The transfer of 
some of the male function from the anthers to another part 
of the flower, usually the gynoecium, at face value seems 
counter-productive. However, the efficacy of the system is 
attested to by the fact that all members of the largest 
dicotyledon flowering plant family (Asteraceae) have pre-
senters. Pollen presentation is ideal for autogamous plants 
(possibly present in some Polygala species), but the 
majority of taxa with presenters are outcrossing. Selfing 
may be avoided by chemical means, i.e. self-incompatibil-
ity, by strong protandry, or by small spatial separation 
between pollen and receptive female tissue. The combina-
tion of self-incompatibility and dichogamy in many species 
emphasizes that avoidance of interference between male and 
female organs (e.g. Lloyd & Webb 1986; Webb & Lloyd 
1986) is an important selective force in flower evolution. 
Pollen presenters are a particularly precise method of 
avoiding interference while maintaining accuracy of pollen 
delivery. Study of the detail of pollen transfer in plants with 
pollen presenters and examination of pollen/ovule ratios in 
these plants will provide a greater understanding of the 
benefits the structures confer for gamete transfer and 
successful seed set. 
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